Ninety-six (Finnish Landrace × Dutch Landrace) reproductive sows were used at parities 1, 3, 5, and 7 + 8 from d 107 of gestation to d 21 of lactation to investigate the effects of diet and parity on apparent total tract digestibility (ATTD). Animals were randomly assigned to one of four dietary treatments. Dietary treatments were 1 ) a P-deficient (1.1 g digestible P [dP]/kg) Dutch semipractical diet; 2 ) Diet 1 supplemented with 400 FTU Aspergillus niger phytase per kilogram of diet (1.7 g dP/kg); 3 ) a corn-soybean meal-based diet (1.3 g dP/kg); and 4 ) Diet 3 supplemented with extra monocalcium phosphate (MCP; 2.4 g dP/kg of diet). Animals were fed twice daily at 2.8 times maintenance (418 kJ ME/ BW .75 ) from d 8 to the end of lactation. Feces and urine were collected during d 11 to 13 and d 18 to 20 of lactation. The ATTD of DM, OM, ash, CP, Ca, Mg, and total P ( P < .01) were higher for the corn-soybean meal-based diets than for the Dutch semipractical diet not supplemented with phytase. Addition of MCP enhanced total P ATTD by an average of 6.7 percentage units. Addition of microbial phytase improved Ca, Mg, and total P ATTD, but the effects were dependent on the stage of lactation. Lower ATTD of OM and CP were seen for first parity animals compared with higher parity sows. The ATTD of Mg increased with increasing parity. Parity had little effect on the ATTD of minerals during lactation, and dietary effects were prominent and followed a similar trend to those seen in growing-finishing pigs.
Introduction
Because of the increasing environmental pressure to decrease mineral excretion, it is important to know how physiological status affects apparent total tract digestibility ( ATTD) of minerals by animals. Data in the literature concerning nutrient ATTD in lactating sows are scarce.
In growing-finishing pigs, Ca and total P ATTD increased during the growing phase (i.e., 35 to 65 kg) (Eeckhout et al., 1995; Ferná ndez, 1995a,b) and then remained constant to 100 kg BW (Kemme et al., 1997a) . However, lactating sows of parity 5 or greater showed lower ATTD of these minerals than growingfinishing pigs. Furthermore, level of Ca ATTD seemed to depend on the stage of lactation. These changes in ATTD may be attributed to changes seen in concentrations of hormones regulating Ca and P absorption as affected by age (Kalu and Foster, 1976; Ishida et al., 1987; Liang et al., 1989) and lactation (DeLuca, 1980; Mahan and Fetter, 1982) .
We hypothesized that, because sows up to parity 3 have not reached maturity and are still undergoing skeletal growth, the main decrease in mineral ATTD might be expected after parity 3. Therefore, we investigated the effects of parity, diet, and their interaction on the ATTD of some organic nutrients and minerals during lactation.
Materials and Methods
Housing. Ninety-six crossbred (Finnish Landrace × Dutch Landrace) reproductive sows were used at parities 1, 3, 5, and 7 plus 8 (parity 7 and 8 animals were pooled, because the number of animals of parity 7 only was too low) from d 107 of gestation to d 21 of lactation. They were fed a commercial pregnancy diet, once daily, at a level of 2.5 kg/d up to d 107, at which time they were moved to diagonal farrowing crates and randomly assigned to one of four dietary treatments. Average litter size was 10 pigs (range 8 to 13 pigs). There were six replicates, with each replicate (block) consisting of one animal per treatment at each parity. Room temperature was 23°C at parturition and was gradually lowered to 19°C by weaning time.
Dietary Treatments. Animals were fed twice daily at 1.2 times maintenance from d 107 of gestation until d 2 postpartum. Afterwards, their feeding level was gradually increased to a level of 2.8 times maintenance (418 kJ ME/BW .75 ) at d 8, as based on their BW on d 107 of pregnancy minus 20 kg (assumed farrowing losses). Diet 1 (Dutch semipractical) was P deficient (calculated to contain 1.1 g digestible P [dP]/ kg as based on CVB [1994] ). Diet 2 was identical to Diet 1 with the addition of 400 FTU Aspergillus niger phytase (Natuphos ® , Gist-brocades BV, Delft, The Netherlands)/kg of diet (1.7 g dP/kg; estimated response of the phytase was based on Beers, 1992). Diets 3 and 4 were P-deficient corn-soybean mealbased diets and supplied 1.3 and 2.4 g dP/kg, respectively (CVB, 1994) . Diet 4 was supplemented with more monocalcium phosphate monohydrate ( MCP) . Chromic oxide mixed with cornstarch (1:3, wt/wt), as an indicator, was added ( 2 g/kg) to all dietary treatments to estimate ATTD.
Measurements. Sows were weighed on d 107 of gestation and d 21 of lactation. Pigs were weighed on d 4 and 21 of lactation. Feces were collected twice daily from the sows by rectal stimulation (as described by Kemme et al., 1997a) during two 3-d periods: d 11 to 13 and d 18 to 20 of lactation. Feces from each animal were pooled per period and frozen at −20°C for subsequent analysis. Urine was also collected during each of these two periods from voluntarily urinating animals. Water consumption was monitored for the duration of each collection period. Water spillage was observed to be negligible.
Chemical Analysis of Feed, Feces, and Urine. Feed samples were freeze-dried, ground to pass through a 1-mm sieve, and then analyzed in duplicate for DM, ash, N, Ca, Mg, total P, phytic acid, and phytase activity. Fecal samples were freeze-dried, ground to pass through a 1-mm sieve and analyzed, in duplicate, for DM, N, ash, Ca, Mg, P, and Cr. Urine samples were analyzed for Ca, P, and Mg.
The methods used to determine DM, ash, N Kjeldahl, Ca, total P, Cr, phytic acid, and phytase activity were described by Kemme et al. (1997a) . Preparation of samples for Mg analysis was similar to that for Ca analysis.
Statistical Analyses. Digestibility data and concentrations in urine were first subjected to regression analysis within sow for effects of periods. If a significant interaction ( P < .05) between period and diet or period and parity existed, the tabulated values were presented per period. If there was no interaction with period ( P ≥ .05), the results of period were averaged within sow. Subsequently, these results were subjected to analysis of variance and tested for effects of block, diet, parity, and the interaction between diet and parity. Differences between means were tested using the Student's t-test.
Sow BW at d 107 of pregnancy and d 21 of lactation and feed intake at the end of pregnancy and during lactation were subjected to analysis of variance and tested for effects of block, diet, parity, and the interaction between diet and parity. Sow BW change, mean water intake per period, average BW of a pig at d 4 and 21 of lactation, and ADG of pigs during these periods were corrected for litter size as a covariate and subjected to analysis of variance and tested for block, diet, parity, and the interaction between diet and parity. Differences between means were tested using the Student's t-test. The statistical package Genstat 5 (Payne et al., 1993) was used.
Results
The analyzed chemical composition of the diets was close to the calculated composition ( Table 1 ). The intended Ca:dP ratio for all diets was between 2.5 and 2.7. However, due to a higher ATTD of total P in the Dutch semipractical diets and a lower ATTD of total P in the corn-soybean meal-based diets than expected, the actual Ca:dP ratios were 2.4, 2.3, 2.8, and 3.1 for Diets 1, 2, 3, and 4, respectively. No diet × parity interactions were found ( P ≥ .05). Therefore, the effects of diet and parity are presented separately.
Dietary Treatments. Dietary treatments did not
affect sow BW change ( P = .877), pig ADG ( P = .832), or water intake (L/kg feed; period 1, P = .352; period 2, P = .754). Dry matter, OM, ash, CP, Ca, Mg, and total P ATTD were all affected ( P < .001) by diet ( Table 2 ). All ATTD coefficients were higher for the corn-soybean meal-based diets than for the Dutch semipractical diet without phytase supplementation. Addition of extra MCP (5.9 g/kg) further enhanced total P ATTD in the corn-soybean meal-based diet by 6.0 and 7.4 percentage units during periods 1 and 2, respectively. Addition of microbial phytase to the Dutch semipractical diet improved Mg and total P ATTD by 4.2 and 17.2 percentage units, respectively, during period 1. The effect of phytase in this diet during period 2 was reduced with increases in Mg and total P ATTD of 2.4, and 13.4 percentage units, respectively. This lower efficacy of phytase was primarily due to a higher ATTD in the unsupplemented diet and not to decreased ATTD in the phytase-supplemented diet. Ash ATTD was also increased 4.4 percentage units by the addition of microbial phytase. The Ca ATTD in the phytasesupplemented diet was also higher, but this may have been partially caused by the higher level of limestone fed in the phytase-supplemented diet. Period effects were observed for DM ( P = .024), OM ( P = .039), Ca ( P < .001), and total P ( P < .001) ATTD, with all ATTD coefficients affected showing improvement during period 2. Additionally, diet × period interactions were found for the ATTD of Ca ( P = .016) and total P ( P = .003). Urinary Ca concentrations were inversely related to the amount of Ca in the diet ( P < .001), and urinary Mg concentrations followed the opposite pattern ( P = .018). There were no diet effects on urinary P concentrations ( P = .410), which means that the sows were fed below their P requirement as planned.
Parity Effects. There was no significant effect of parity on sow BW change from d 107 of gestation to d 21 of lactation ( P = .749, Table 3 ). Primiparous sows had a lower litter ADG than multiparous sows ( P < .001). In addition, a slight decrease in pig ADG was seen in parity 7 plus 8 animals compared with parities 3 or 5. Water intake (L/kg feed) decreased with increasing parity, but this effect was meaningful only during period 2 ( P < .001), with the largest difference seen between parity 1 and parity 3 sows. A lower ATTD of OM ( P = .027) and CP ( P < .001) and a trend towards a lower ATTD of DM ( P = .051) was seen for parity 1 animals compared with parities 3, 5, and 7 plus 8. These effects were small, with decreases in ATTD being 1.2 percentage-unit or less. The ATTD of Mg increased (period 1, P < .001; period 2, P = .003) with increasing parity. However, this was accompanied by an increased urinary concentration of Mg, indicating that the amount of Mg retained by the animal may not have been changed. No effects of parity on the ATTD of ash ( P = .397), Ca (period 1, P = .163; period 2, P = .124), or total P (period 1, P = .423; period 2, P = .481) were seen. There was a parity × period interaction affecting water intake ( P = .001) and Mg ATTD ( P = .017). Urinary Ca concentrations were lower ( P = .021) for parity 1 animals, but no parity effects were seen on urinary P concentrations ( P = .504).
Discussion
The ATTD of DM, OM, ash, CP, Ca, Mg, and total P were lower for the Dutch semipractical diet, which was not supplemented with microbial phytase, than for the corn-soybean meal-based diets. This is in agreement with the findings of Kemme et al. (1997b) with identical diets fed to growing-finishing pigs. Proximate dietary constituents are known to affect Ca and total P ATTD; these effects have been reviewed by Jongbloed (1987) .
Increasing the total P (and dP) and Ca levels in the corn-soybean meal-based diet through added MCP and limestone caused an increase in Mg and total P ATTD of 4.1 and 6.7 percentage units, respectively. This corresponded to an increase in apparent digestible Mg and P of .04 and .77 g/kg, respectively. This means that the P in the added MCP was only approximately 60% digestible. The Ca ATTD was not improved as a percentage of intake, but the amount of Ca digested increased by 1.12 g/kg of feed. The ATTD of Ca, Mg, and total P were higher for the Dutch semipractical diet supplemented with microbial phytase, resulting in increases of apparently digestible Ca, Mg, and total P of .88, .06, and .61 g/kg, respectively. However, limestone was also added to the phytase-supplemented diet in an attempt to maintain a constant Ca:dP ratio throughout all diets, and the increased Ca ATTD may have, at least partially, been caused by the higher availability of Ca from limestone. Literature on phytase efficacy in lactating sows is scarce. Kemme et al. (1997a) found improvements in the ATTD of P, but no effects were found on Ca. This was in agreement with the findings of Lantzsch and Drochner (1995) , who found improvement in the ATTD of P but no effect on Ca when diets fed to lactating sows were supplemented with microbial phytase. Therefore, the results found on Ca ATTD in the present study are most likely due to the increased Ca from added limestone and not from phytase supplementation. Improvements in Ca ATTD by phytase have been clearly shown in weaned pigs (Radcliffe et al., 1995) and growing-finishing pigs (reviewed by Jongbloed et al., 1996; Kemme et al., 1997a) . A lack of this response in lactating sows may imply that Ca absorption is governed by their physiological status, which interferes with the beneficiary effects of microbial phytase supplementation. The improvement in the amount of dP in the present study was .61 g/kg of feed supplemented with 400 FTU/kg, and Kemme et al. (1997a) found an improvement in the amount of dP of 1.03 g/kg feed supplemented with 500 FTU/kg.
Parity exerted only minor effects on the response criteria measured. Pig ADG and water intake were significantly affected by parity, but the major recorded differences were between primiparous and multiparous sows. Additionally, OM and CP ATTD were slightly lower for primiparous sows. However, the differences seen in OM and CP ATTD were less than 1.3 percentage units. The ATTD of Mg increased with increasing parity. Because this was accompanied by an increased urinary concentration of Mg, it is questionable as to whether the amount of Mg retained by the animals was increased at all. Overall, on the basis of the results of this study it seems that parity has very little if any effect on ATTD or sow and pig performance. The only differences that may be found are between primiparous and multiparous sows.
In discussing parity effects, it is important to distinguish between age effects and lactation effects. The effects of increasing age will be discussed first, followed by lactation effects, and then their interaction. Recent studies (Eeckhout et al., 1995; Ferná ndez, 1995a,b; Kemme et al., 1997a,b) have shown significant improvements in Ca and total P ATTD with increasing BW. Eeckhout et al. (1995) and Kemme et al. (1997a,b) also found significant increases in DM ATTD with increasing BW. However, all of these studies were performed with pigs at a time of their rapid growth. Data from other species suggest that physiological changes occur during aging, which decreases Ca absorption. Decreased plasma concentrations of 1,25-dihydroxycholecalciferol ( 1,25-DHCC) with increasing age has been demonstrated in rats by Liang et al. (1989) and may be due to a decreased activity of 1a-hydroxylase activity (Ishida et al., 1987) with increasing age. Plasma calcitonin levels have also been shown to increase with increasing age in rats (Kalu and Foster, 1976) and Japanese Quail (Taylor and Dacke, 1984) , which suggests a down regulation of Ca absorption with increasing age.
With regard to the effects of lactation, it can be concluded that the high Ca and P requirements for milk production place the sow in a hypocalcemic and hypophosphatemic state, both of which stimulate an increase in 1,25-DHCC production. Plasma concentrations of 1,25-DHCC increased during lactation (Perrin, 1955; Harmon et al., 1974 Harmon et al., , 1975 Mahan and Fetter, 1982; Mahan, 1984; Miller et al., 1994) , resulting in an increase of Ca and P absorption from the small intestine. The increased absorption of Ca from the small intestine is mediated through an increased intestinal production of calcium-binding protein (Thomasset et al., 1979) , and increased P absorption seems to be a direct effect of 1,25-DHCC on the mucosal surface, which stimulates the entry of phosphate at the mucosal border (Jongbloed, 1987) . The effects of 1,25-DHCC on bone resorption are less clear, although it has been shown to be involved, directly or indirectly, in bone mineral turnover. In addition, the parathyroid hormone is believed to be involved in regulating bone resorption. Bone resorption does occur during lactation, when Ca and P supplies in the diet are insufficient, and contributes to plasma mineral homeostasis; the extent of resorption is diet dependent (Mahan and Fetter, 1982) . Kemme et al. (1997a) found that Ca and total P ATTD were higher for lactating sows than for gestating sows, but that they were lower than for growing pigs. The results of this study show that increasing parity does not affect Ca and total P ATTD. Therefore, peripubertal physiological changes may limit the maximal level of Ca and P absorption. During lactation, the animal undoubtedly maximizes Ca and P absorption from the diet. However, this maximum level of Ca and P absorption is limited in the postpubertal animal. The reasons for these limitations are unclear. One possible explanation may be increased serum levels of calcitonin, as found in rats (Kalu and Foster, 1976) and Japanese Quail (Taylor and Dacke, 1984) with increasing age. Another possibility would be a decreased sensitivity of the small intestine mucosa to 1,25-DHCC, but this has not been shown in pigs. Finally, the lower Ca and P absorption seen in older animals may be related to a decrease in 1a-hydroxylase specific activity and thus a decreased production of 1,25-DHCC as demonstrated by Ishida et al. (1987) in rats. To explain this, further research in this area is needed. The results of this study show that diet type affects mineral ATTD, but parity does not seem to exert any major effect during lactation.
Implications
The apparent total tract digestibility of Ca and P during lactation is not influenced by sow parity, whereas the digestibility of Mg increases with increasing parity number. This holds true for diets of different feedstuff composition and supplementation of microbial phytase or feed phosphate. Addition of microbial phytase to lactation diets improves total P digestibility. Physiological changes that occur during the lactation phase maximize mineral absorption, but the level of Ca and total P digestibility remains lower than in growing-finishing pigs. Beers, S. 1992 
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